Magnesium alloys are the lightest engineering materials with high specific strengths and superior electromagnetic shielding capability [1] . They have been increasingly used for lightweight structural and functional parts in the automotive and electronic industries [2] . Owing to the hexagonal close packed structure , it is difficult for magnesium alloys to make plastic deformation at room temperature, by which the development of magnesium alloys is restricted greatly, especially for wrought magnesium alloys. Thus most parts of magnesium alloys are produced mainly by die casting [3] .
However, Mg and Mg alloys possess low stacking fault energy , which makes it easy that dynamic recrystallization (DRX) operates during the deformation at elevated temperatures. So DRX is a potential way to improve the plasticity and refine the structures of Mg alloys, which will make it possible for Mg alloys to process large deformation. ZK60 magnesium alloy is a kind of new model wrought magnesium alloys with good prospects. It can get high strength and superior ductility by the press working and heat treating methods. The literatures [4 , 5] emphasized the capacity and behaviors of superplasticity of ZK60 . But there were few studies under different deformation conditions , especially at high strain rates. The present studies on DRX of Mg alloys also lie mainly in the superplasticity field, and the correlative study when the deformation process at high strain rates was scarce . Even if in the literature [5] , strain rate was merely limited at 0.0025s-1 and the study emphasized particularly on deformation mechanisms. 
Experiment methods
The magnesium alloy of Mg-5.3Zn-0.8Zr (wt%) was prepared by ordinary ingot metallurgy method. The as-cast material was subsequently homogenized at 673 K for 18 h. Compression samples, with a height to diameter ratio of 1.5, were cut from the homogenized material. Hot compressive deformation simulation was performed on Gleeble-1500 simulator in a range of the deformation temperatures from 473 to 723 K. Four typical strain rates on 0.01, 0.1, 0.5 and 1s-1 were chosen. The samples were quenched within 0.5s after testing so as to retain the developed microstructure. The microstructures of the alloy were observed by using Polyvar-MET optical microscope and JEOL-JEX transmission electron microscope (TEM). It shows that all the flow stresses showed in the experiments increase to a maximum value at first and then decrease to attain a steady state. Such flow behavior is characteristic for dynamic recrystallization (DRX), and it often points out that DRX has happened in the process of deformation.
As shown in Figure 1 But the existence of the former mechanism was also observed by TEM (Figure 5 ), which is related to essence of the process of subgrain incorporation. Two subgrains merge into one larger sub-grain by the process of dislocation climbing happening near their low angle grain boundaries. At the mean time, the orientation of the two original subgrains becomes the same by diffusion of atoms and rearrangement of their positions. Because the boundary of the larger subgrain annihilates more dislocations, it is likely to convert into a high angle grain boundary. Therefore, the mechanism of subgrain incorporation is closely related to dislocation climbing. It is generally agreed that dislocation climb takes place easier in metals obtaining a higher stacking fault energy under the same deformation condition, which causes the difference among subgrain growth mechanisms of metals having different stacking fault energy. However, Galiyev, etc [5] , pointed out that the deformation mechanism of magnesium alloy at a high temperature concludes basal slipping, non-basal slipping and cross slipping of dislocation, but also concludes dislocation climbing. Therefore, the nucleus of dynamic recrystallization can be formed by the former mechanism when ZK60 alloy is deformed at 623 K.
The amount of fine recrystallized grains formed at the distortion region in the vicinity of grain boundaries becomes larger as the strain value increases to 0.93. At this time, the important character is that these fine recrystallized grains tend to form ductile shear zones, which was explained by Iron, etc. [7] . Given that original sizes of grains in the experiment are relatively larger, the author revised the model by combining with the microstructures evolution (Figure 2c, d) of the grains as shown by Figure 6 . It is clear that the ductile shear zone is the very reason why the shape of the remained original grains tends to be approximately oblate rhombus.
Thus, deformation is easier to develop along these ductile shear zones and stress concentration will exist there. Therefore, the dynamic recrystallization mechanism will be even more complicated under a larger extent of deformation. It had been found by TEM that there were many prolonged substructures or grains when strain value reaches 0.93 (Figure 7a , b). As described above, these prolonged substructures are likely to form in ductile shear zones and they will develop into strip-shaped subgrains, whose growing speed is quicker than the subgrain incorporation mentioned before. The main cause of such phenomenon is [8] that the boundary tension of the long strip-shaped subgrain boundary impels its inclination to rotate to balance the force and thus converts into a high angle boundary more quickly. Figure 7a , b reveal that higher dislocation density in the vicinity of the prolonged structure, which suggests a higher stored energy, accelerates the growth of the subgrain. What is more, shear deformation zones were detected by TEM at a high strain value ( Figure  7c ). The high stored energy of the shear zones stimulates a quick nucleation. The variety of the grains orientations in the shear zones gives rise to differently oriented nucleus and thus also enhances the formation of high angle boundaries, which is propitious to the growth of subgrains. Figure 7d just shows that the nucleus of dynamic recrystallization formed near the edge of shear zones are growing up in the shear deformation zones. In the constitutive analysis, the effects of temperature and strain rate on flow stress have been adequately expressed by the following equation [9, 10] : (1)
where A, a and n are all constants, is strain rate and Z is Zener-Hollomon parameter combining the two control variables through an Arrhenius equation with activation energy Q. Then the Q can be expressed as: (2) 
